NOTES
In this paper we present ab initio calculations of potential energy surfaces for the lowest electronic states of Al-N 2 and Al ϩ -N 2 , including structural parameters and dissociation energies for van der Waals complexes found on these potential energy surfaces.
The calculations of Al-N 2 and Al ϩ -N 2 ground state energetics were performed using the quadratic configuration interaction method QCISD͑T͒ 3 and the GAUSSIAN92 program. 4 The potential energy curves were obtained by calculating single-point energies at different values of the Al-N 2 distance, keeping the N-N distance at its equilibrium value obtained at the same QCISD͑T͒ level. In order to estimate zero point energies, second order perturbation theory ͑MP2͒ 5 was used to calculate analytic hessians for structures that were found to be minima on the potential energy surfaces.
Four types of correlation consistent basis sets were used: valence-triple-zeta ͑cc-pVTZ͒, 6 augmented valence-triplezeta ͑aug-cc-pVTZ͒, 7 core-valence-triple-zeta ͑cc-pCVTZ͒, 8 and augmented core-valence-triple-zeta ͑aug-cc-pCVTZ͒. The latter basis set used the same diffuse function exponents as the aug-cc-pVTZ basis set. The pVTZ types of basis sets were used with frozen core calculations denoted QCIS-D͑T,fc͒ and MP2͑fc͒. The pCVTZ type basis sets were used with QCISD͑T͒ and MP2 with the core electrons included in the correlation. Calculations that include all core electrons are denoted QCISD͑T,full͒ and MP2͑full͒, while calculations that include only the second shell core electrons of Al are denoted QCISD͑T͒ and MP2. Our previous calculations of van der Waals complexes of second and third period metal atoms with H 2 ͑Ref. 9͒ showed that basis sets of triple-zeta quality give satisfactory results for binding energies of weakly bound complexes. Also, it has been shown 10-14 that the augmented correlation consistent pVTZ basis sets are converged with respect to basis set superposition errors. Binding energies may be slightly improved by correlating core orbitals, with the corresponding use of core-valence basis sets.
Parts of the C ϱv potential energy surfaces for the two lowest Al-N 2 states ͑ 2 ⌸ and 2 ⌺͒ are shown in Fig. 1͑a͒ . The single-point energies are calculated at different distances R between Al and the closest N atom at the QCISD͑T,fc͒/augcc-pVTZ level of theory. The N-N distance was fixed at 1.104 Å, the N 2 equilibrium distance. The 2 ⌸ state has a weakly bound complex ͑the one observed experimentally 
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These results suggest that the dissociation energy D 0 (Al ϩ -N 2 ) may be somewhat smaller than the reported experimental value (1924Ϯ175 cm Ϫ1 ). 2 To find more accurate values for dissociation energies, we performed calculations for the Al-N 2 ( 2 ⌸) and Al ϩ -N 2 ( 1 ⌺) complexes in which the core electrons are correlated, as well as the valence electrons. All results are presented in Table I . The table also includes zero point energies ͑⌬ZPE͒ for the same two complexes obtained at the MP2 level with the various basis sets. The ⌬ZPE correspond to the differences between the zero point energy of Al-N 2 or Al ϩ -N 2 and the zero point energy of N 2 . The QCISD͑T͒ estimates for D 0 are given in parentheses, because they are obtained using D e from QCISD͑T͒ and ⌬ZPE from corresponding MP2 calculations with the same basis set, scaled by a factor of 0.93. To assess this procedure, the Al-N 2 and Al ϩ -N 2 QCISD͑T,fc͒ potential energy curves were fitted by means of the distributed approximating functional ͑DAF͒ method. 15 The second derivatives calculated at the fitted minima give Al-N 2 vibrational stretching frequencies of 44 and 97 cm Ϫ1 for Al-N 2 and Al ϩ -N 2 , respectively. These are slightly less than the MP2 frequencies: 52 and 110 cm Ϫ1 , in accordance with the smaller QCISD͑T͒ D e relative to MP2. So, the use of scaled MP2 zero point corrections seems reasonable.
Our best estimate for the dissociation energy of neutral Al-N 2 ( 2 ⌸) is in the region of D e ϭ345-349, and D 0 ϭ254-258 cm , measured by Brock and Duncan. 1 The remaining difference may be due to relativistic corrections that we have not taken into account. This correction should be close to that estimated by Partridge, Bauschlicher, and Visscher for the AlAr complex, 16 for which it was found to reduce the binding energy by about 34 cm
Ϫ1
. Conclusions. Equilibrium geometries and dissociation energies are estimated for ground state Al-N 2 and Al ϩ -N 2 van der Waals complexes at the QCISD͑T͒ level of theory with correlation consistent basis sets. Zero point energies for these complexes are calculated at the MP2 level and scaled to obtain estimates for QCISD͑T͒. The resulting ⌬D0 
